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{57] ABSTRACT

An antenna input circuit for an electronic tuning type

AM receiver for automobiles, which 1s connected to a
capacitive antenna represented by an equivalent circuit
composed of an antenna capacitance connected in series
with an antenna electromotive force and a cable capaci-
tance connected in parallel with them. A tuning trans-
former and a variable capacitance diode are connected
in series with the capacitive antenna, and an additional
capacitance is connected to the tuning transtormer so
that the current flowing in the additional capacitance
also flows in one part of the tuning transformer, thereby
providing an improved S/N ratio in the medium-fre-
quency receiving band. Another capacitance 1s con-
nected to the output terminal of the antenna input cir-
cuit, to reduce its output impedance. A capacitance for
image interference ratio improving use is connected to
the additional capacitance and the output impedance
reducing capacitance.

7 Claims, 17 Drawing Figures




U.S. Patent Jan. 18, 1983 Sheet 1 of 6 4,369,446

FIG | FIG 2

(PRIOR ART) ~ (PRIOR ART)
a Pt TR\

Ca Pi C
Eq { le Ea f—‘ le
7 / ’ 7 . .

"FIG. 3

(PRIOR ART)




U.S. Patent Jan. 18, 1983 Sheet 2 of 6 4,369,446

FIG. 5 FIG. 6
o T
Pt —*— C P4

T‘;“"I N i

FREQUENCY



U.S. Patent  Jan. 18, 1983 Sheet 3 of 6 4,369,446‘

Ca PIL_ C

FIG. 7A

&
Ea




U.S. Patent Jan. 18, 1983 Sheet 4 of 6 4,369,446

FIG. 10

OUTPUT LEVEL (dB)

fo fi. FREQUENCY

FIG. |

TRa
Ca Pi ,.\_.I'_., C P4




U.S. Patent Jan. 18, 1983 Sheet 5 of 6 4,369,446

FIG. 12
ILoli-m) |
P11 - Lom | C
C 00 -

OUTPUT LEVEL (dB)




U.S. Patent Jan. 18, 1983 Sheet 6 of 6 4,369,44
0 ,369,446

OUTPUT LEVEL (dB)

Pa




1
ANTENNA INPUT CIRCUIT

BACKGROUND OF THE INVENTION

1. Field for the Invention N

This invention relates to an antenna input circuit of an
electronic tuning type AM receiver for automoblles

2. Description of the Prior Art '

An antenna input circuit for a medium wave AM
receiver which is mounted in an automobile, is usually
the electronic tuning type using a variable capacitance
diode. As, the antenna of an AM receiver of this kind, a
whip antenna is widely employed. Since the whip an-
tenna is capacitive, it is necessary that the variable ca-
pacitance diode in the electronic tuning type AM re-
ceiver have a sufficiently large capacitance variation
range with respect to the antenna capacitance. But the
capacitance variation range of the variable capacitance
diode 1s not large enough; therefore, there have been
various proposals for tuning in the medium-wave fre-
quency range from 325 to 1605 KHz, and further, a
problem of low S/N ratio has been presented. =

In the past, use has been made of (a) a non—tunlng
input type, which amplifies the antenna output by a field
effect transistor or the like and then applies the ampli-
fied signal to a tuning circuit, or (b) a tuning input type,
which employs two variable capacitance diodes, one
being connected in series with a tuning transformer and
the other connected therewith in parallel. However,
since the non-tuning input type (a) amplifies all signals
received by the antenna, it has the defect of cross modu-
lation, whereas the tuning input type (b) is free from
cross modulation but defective in that the use of two
variable capacitance diodes leads to an increased manu-
facturlng cost and difficult tracking adjustment.

SUMMARY OF THE INVENTION .

An object of the present invention is to improve the
S/N rat1o of the tuning input type antenna circuit which
employs one variable diode.

Another object of the present invention is to improve
the 1mage interference ratio in the tunlng 1nput type
antenna circuit.

Briefly stated, according to the present invention, in
an antenna input circuit to which is connected a capaci-
tive antenna (represented by an equivalent circuit in
which an antenna capacitance is connected in series
with an antenna electromotive force and a cable capaci-
tance is connected therewith in parallel,) a variable
capacitance diode and a
nected in series with the capacitive antenna; an addi-
tional capacitor is connected to an auxiliary winding or
a tap of the tuning transformer, so that a portion of the
current flowing in the additional capacitor flows in the
tuning transformer, thereby improving the S/N ratio
over the entire range of the working frequency band; a
capacitor for low output impedance is connected to
reduce the output impedance of the antenna input cir-
cuit; and a capacitor for improving the image interfer-
ence ratio is connected to provide for improved image
interference ratio over the entire range of the working
frequency band.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 11s an equivalent circuit of a capacitive antenna;

tuning transformer are con-

10

2

FIGS. 2 and 3 are circuit diagranis eXplanat'ory of an

antenna input c1rcu1t employlng one varlable capaca-

tance diode; -

FIG. 4 1s a circuit diagram 1llustratmg an embodlment
of the present invention; | o

FIG. 5 1s a circuit diagram showing another ernbodl-
ment of the present invention; |

FIG. 6 1s a circuit diagram showmg another embodl-

ment of the present invention;
- FIGS. 7A to 7C shows a series of circuit diagrams

“explanatory of the process of I_nodlﬁcatlon of the em-

* bodiment deplcted in FIG. 6;
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FI1G. 8 1s a specific circuit dlagram of the embodi-
ment of FIG. 6 including a bias voltage supply circuit;

FI1G. 9 is a graph showing S/N characteristics;

FIG. 101s a graph showing a resonance curve;

- FIG. 11 1s a circuit diagram illustrating a further
embodrment of the present invention;

FIG. 12 is an equivalent circuit dlagram of the prmc1-
pal part of the embodiment shown'in FIG. 11;

FIGS. 13 and 14 are graphs showmg resonance
curves explanatory of the effect produced by the pres-

ent invention; and
FIG. 15'is a specific circuit diagram of the embodi-

rnent of FIG. 11 1nc1ud1ng a bias voltage supply circuit.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A capacitive antenna, such as a whip antenna or the
like, 1s represented by an equivalent circuit as shown in
FIG. 1, in which an antenna capacitance Ca i1s con-
nected in series with an antenna electromotive force Ea,
and a cable capacitance Cb is-connected therewith in
parallel. Usually, the antenna capacitance Ca and the
cable capacitance Cb are about 15 pF and 65 pF, respec-
tively. In FIG. 1, reference character:P; indicates an
output terminal for connection w1th an antenna lnput
circuit. | ' |

In the case of an antenna input circuit with one vari-
able capacitance diode, one might consider a circuit
arrangement as shown in FIG. 2 or 3. In FIG. 2, a
variable capacitance diode C is connected to a second-
ary winding of a tuning transformer TR formed by
primary and secondary windings, and the output termi-
nal Py is connected to the primary winding: Accord--
ingly, the capacitance on the side of the antenna,”as
viewed from the side of the secondary winding, is re-
duced, so that even if the capacitance variation ratio of
the variable capacitance diode C (maximum capaci-
tance C max/minimum capacitance C min) 1s 15 or so,
the antenna can be tuned, by a suitable selection of the
turn ratio between the primary and the secondary wind-
ing, within the medium-wave frequency range from 525
to 1605 KHz. As indicated by curve C; in the S/N
characteristic diagram of FIG. 9, however, there is the
defect that the S/N ratio 1s markedly degraded with a.
decrease In the frequency, that is, an increase.in the
capacitance of the variable capacltance diode C. This
results from the division of the antenna electromotive
force Ea by the antenna capacitance Ca, the cable ca-
pacitance Cb and the variable capacitance diode C.

In FIG. 3, a series circuit of a tuning transformer L
and the variable capacitance diode C is connected to the
output terminal Pj. In this circuit arrangement, it is
necessary that the minimum capacitance of the variable
capacitance diode C be extremely small for coverage of
the medium-wave frequency band. In practice, how-
ever, the minimum capacitance C min of the variable
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capacitance diode C has its limit, and consequently an
additional capacitance Cg indicated by the broken line
is connected to permit coverage of the medium-wave
frequency band. In this case, as indicated by curve Czin
FI1(G. 9, the S/N ratio deteriorates considerably with an
increase in the frequency, that is, a decrease in the ca-
pacitance of the variable capacitance diode C.

F1G. 4 1s a circuit diagram illustrating an embodiment
of the present invention. A tuning transformer TR1 has
a primary T and a secondary winding Ti. The addi-
tional capacitance Cg mentioned above with respect to
FIG. 3 1s connected in series with the primary winding
T2 and the variable capacitance diode C is connected in
series with the secondary winding T, forming an an-
tenna input circuit. Reference character P, indicates an
output terminal of the antenna input circuit; and Ea, Ca,
Cb, and P) respectively designate the antenna electro-
motive force, the antenna capacitance, the cable capaci-
tance, and the output terminal, which are identical to
those shown in FIG. 3.

Letting the numbers of turns of the primary and sec-
ondary windings of the tuning transformer TR1 be
represented by T3 and Tj respectively, letting the turn
ratio T2/T be represented by m, (m < 1) and letting the
inductance of the secondary winding be represented by
Lo, a resonance frequency fo is given by the following
expressions in which Cyis a tuning capacitance:

] (1)

Jo = ——rm—
27 "IL{] - Cp
- m?Cg(Ca + Cb) + C{Ca + Cb + Cg(1 — m)2} ()
0= .

Ca+ Ch+ Cg+ C

The S/N ratio of the circuit in this embodiment will
be described 1n brief. If a noise source is assumed to be
a loss 1n a resonance circuit, that is, a thermal noise of a
resistance, then the resistance r is obtained from the Q
of the resonance circuit as follows:

o —— | (3)
wo- Co- @
where wois a resonance angular frequency and Cpis the
tuning capacitance given by the expression (2).

A noise Vn generated by the resistance r is as follows:

(4)

Vn = ‘J4-k-T-B*r

,I 4. k.-T.RB
wo: Co- O

where k is the Boltzmann’s constant, T is the absolute
temperature and B is the band width.

Accordingly, the S/N ratio at the output terminal P;
during resonance is given by the following expression:

S o Ca(C + Cg - m)Q* (5)

N ™" (Ca+ Cb+ Cg+ OLot-Cold - k- T- B

As 1s apparent from the expression (5), the capaci-
tance (indicated by the same reference character C as
the variable capacitance diode C) of the variable capaci-
tance diode C is included in the denominator and the
numerator; accordingly, even if the abovesaid capaci-
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tance C is varied -for tuning to a desired frequency, its
influence is cancelled by the denominator and the nu-
merator and the S/N ratio tends to remain constant.

For example, in the case where Ca and Cb are respec-
tively selected to be 15 pF and 65 pF as described previ-
ously and Cg=1500 pF and m=0.15, a medium wave
broadcasting frequency band can be covered, with the
capacitance variation ratio of the variable capacitance
diode held to 15 or so, and the S/N ratio becomes sub-
stantially constant as indicated by curve C3 in FIG. 9:
namely, the S/N ratio is not markedly degraded.

Since a transistor amplifier circuit is connected to the
output terminal P; of the antenna input circuit, the out-
put impedance is required to be low. This requirement
can be fulfilled by providing, as an output terminal P3,
a tap 1n the secondary winding of the tuning trans-
former TR1, as illustrated in FIG. S. .

FIG. 6 1s a circuit diagram showing another embodi-
ment of the present invention, in which tuning trans-
former TRa has an auto-transformer construction with
the additional capacitance Cg connected to its tap; the
variable capacitance diode C is connected in series with
the tuning transformer TRa between terminals P; and
P4; and a capacitance Cd for output impedance reduc-
tion is connected to the output terminal P4. The num-
bers of turns T and T}, respectively corresponding to
the primary and secondary windings of the tuning trans-
former TRa, are selected to be the same as the numbers
of turns T and T, of the tuning transformer TR1 in
FIG. 4. |

Now, a description will be given of the relationship
between the embodiments of FIGS. 6 and 4.

If the tuning transformer TR1 in FIG. 4 is made into
an auto-transformer, the circuit arrangement becomes
such as shown in FIG. 7A. Then, after grounding the
output terminal P; of the capacitance antenna, changing
the position of the antenna capacitance Ca, and con-
necting the capacitance Cd whose capacitance value is
so large as to have no effect on resonance, the circuit
arrangement becomes such as depicted in FIG. 7B. And
then, using the connection between the variable capaci-
tance diode C and the capacitance Cd for output impe-
dance reduction as the output terminal P4, a circuit
arrangement as shown in FIG. 7C results. The circuit
arrangement in FIG. 7C is identical with that in FIG. 6,
and the output impedance of the antenna input circuit is
reduced by the capacitance Cd connected between the
output terminal P4 and the ground.

FIG. 8 illustrates a specific operative example which
includes a DC bias circuit for the variable capacitance
diode C. In FIG. 8 the parts corresponding to those in
FIG. 6 are identified by the same reference characters.
Reference characters R; and Rj indicate resistors; Ce
designates a capacitor for high frequency by-pass use;
and V gidentifies a bias voltage. The capacitance of the
variable capacitance diode C is controlled by the appli-
cation of the bias voltage Vg via the resistors Ry and R»
and the tuning transformer TRa. The output impedance
is lowered by the capacitance Cd. Furthermore, the
additional capacitance Cg is connected to the tap of the
tuning transformer TRa to apply to one part of the
tuning transformer TRa the current flowing in the addi-
tional capacitance Cg, by which the S/N ratio in the
working frequency band can be improved.

FI1G. 10 1s a graph which shows the resonance char-
acteristic of the abovesaid antenna input circuit. The
difference between the output level (dB) at the reso-
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nance frequency foand the output level (dB) at an image
frequency f;is shown as an image interference ratio IIR.
The lower the output level (dB) at the image frequency
f; is, the more the image interference ratio IIR is en-
hanced. FIG. 11 illustrates another embodiment of the
present invention which is designed to improve the
image 1interference ratio, the parts corresponding to
those in FIG. 6 being marked with the same reference
characters. In the illustrated embodiment, the capaci-
tances Cg and Cd in the embodiment of FIG. 6 are
Interconnected at their grounding side and connected to
a capacitance Cx. The capacitance Cx is selected to be
larger than the capacitance of the variable capacitance
diode C, the antenna capacitance Ca, and the cable
capacitance Cb. Accordingly, the capacitance Cx has
substantially no effect on the resonance frequency, but
produces the effect of lowering the output voltage Eo
corresponding to an input signal remote from the reso-

nance frequency.
A current I ﬂowmg in the eapacntance Cd and a

current I, flowing in the additional capacitance Cg are
opposite in phase with respect to signals at frequencies
higher than the resonance frequency, and bear a rela-
tionship such as |I2| > |11|. Accordingly, the voltage
Vx across the capacitance Cx is opposite in phase to a
voltage Vd across the capacitance Cd, so'that by select-
ing the values of the capac:ltances Cx and Cd to provide
the relationship, Vx=Vd, it is possible to reduce the
output voitage Eo to zero at a certain frequeney higher
than the resonance frequency.
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FI1G. 12 shows an equwa]ent circuit of the antenna -

input circuit depicted in FIG. 11, in which the tuning
transformer is shown in the form of a T-circuit. If the
inductance of that part of the tuning transformer TRa in
FIG. 11 which has the number of turns T is taken as Ly,
there is formed a T-circuit with Lg-m, Lo(1—m) and
Lom(m—1), where m is represented by m=T7/Ti, T3
being the number of turns of the part corresponding to
the primary winding of the tuning transformer Tra and
T the number of turns of the part corresponding to its
secondary winding, as mentioned previously.

If the coupling coefficient between the primary and
secondary windings of the tuning transformer TRa is
assumed to be 1, then the following expression holds:

]
p- Cod )

IZ{P‘LD'm(m -+

(6)

1
p-Cg }

hebe—
——

Il{p-Ln(l — m) +

where p=jw and

C.Cd

Cd=Trca

The output voltage Eo is given as follows:

I
Cd

N+ h
p.Cx +p.

Eo =

35

435

50

35

(8)

Lo-C-.Cg(l — m)1Cd(l -~ m) — Cx m

the numerator in the expression (7) is zero, that is, the
output voltage Eo is zero. Accordingly, by selecting the
capamtance Cx so that the angular frequency at the
image frequency f; may be equal to the angular fre-
quency o; given by the expression (8), the resonance
characteristic indicated by the solid line in FIG. 13 can
be changed to that indicated by the broken line; namely,
the output level at the i image frequeney f; can be re-
duced to zero.

In the prior art, a trap circuit may sometimes be pro-
vided: for improving the image interference ratio, but
since a trap frequency is usually fixed, the trap circuit
cannot produce the effect of improving the image inter-
ference ratio when the image frequency differs from the
trap frequency. In the present invention, however, the

capacitance of the variable capacitance diode C 1is con-

trolled to vary the. resonance frequency fo with the
image frequency fj, but since the angular frequency o;is
also varied, as is seen from the expression (8), the image
Interference ratio can be improved for every resonance
frequency fo. | | -

Furthermore, the term in the brace i in the numerator
of the expression (7) can be made smaller than the ca-
pacitance Cx, and by selecting the capacitance Cx (for
image interference ratio 1mprovmg use) so that {(1—m)
Cd—m-Cx} =0, that s,

(4 = macd

m
there can be obtalned the resonanee characteristic
shown in FIG. 14. This means that the angular fre-
quency o is selected to be infinitely large.

FIG. 15 is a circuit diagram illustrating a specific
Operatwe example which includes a bias voltage supply
circuit for the variable capacitance diode C and in
which the parts corresponding to those in FIGS. 8 and
11 are identified by the same reference characters. In
FIG. 15, a bais voltage Vg is applied, via the resistors
R and R and the tuning transformer TRa, to the vari-
able capacitance diode C to control its capacitance in
order to provide a signal of a desired resonance fre-
quency at the output terminal P4. The output impe-
dance 1s made small by the capacitance Cd, and the
image interference ratio is improved by the capacitance
Cx.

As has been described in the foregoing, according to
the present invention, it is possible, with the use of one
variable capacitance diode, to constitute a tuning input
type antenna input circuit capable of covering the medi-
um-wave AM broadcasting frequency range with a
substantially constant S/N ratio over that frequency
range. Further, the image interference ratio can be im-
proved. Consequently, the receiving characteristic of
the antenna input circuit in an electronic tuning type

O —

¥

(7)

Cx-Cod + Cod-Cd + Cg-Cd — w®. Ly Cod - Cg(1 — m){(1 — m)Cd — m - Cx}

I

When the angular frequency o is w;, given by the fol-
lowing expression:

jo Cx-Cd-Cod{l + w?-Ly- Cg-m(1 — m)}

AM recetver for automobiles is enhanced.
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It will be apparent that many modifications and varia-
tions may be effected without departing from the scope
of the novel concepts of this invention.

What 1s claimed is:

1. An antenna input circuit of an electronic tuning
type AM receiver for automobiles which is connected
to a capacitive antenna represented by an equivalent
circuit composed of an antenna capacitance connected
In series with an antenna electromotive force to an out-
put terminal of the capacitive antenna and a cable ca-
pacitance connected in parallel with them, said antenna
input circuit and comprising;: |

a tuning transformer comprising a winding having a
tap;

a variable capacitance diode connected in series be-
tween the capacitive antenna and said output termi-
nal;

an additional capacitance connected at a first terminal
thereof to said tap of said tuning transformer;

a capacitance for reducing the output impedance of

sald antenna input circuit, connected at a first ter-
minal thereof to said output terminal; and a
a capacitance for improving the image interference
ratio connected between the respective second
terminals of said additional capacitance and said
output 1mpedance reducing capacitance and

ground.
2. The antenna input circuit of claim further comprls—

ing:
a first resistor connected in parallel to said additional

capacitance;
a second resistor having a first terminal connected to

said output terminal, and a second terminal; and

a bypass capacitor connected between said second

terminal of said second resistor and ground.

3. An antenna input circuit of an electronic tuning
type AM receiver for automobiles, which is connected
to a capacitive antenna represented by an equivalent
circuit composed of an antenna capaortanoe connected
in series with an antenna electromotive force to an out-
put terminal of the capacitive anten_rla and a cable ca-

10

15

20

25

30

35

40

45

50

35

60

65

g
pacitance connected in parallel w1th them, sald antenna
input circuit comprising: |

a tuning transformer comprising a winding having a
tap;

a variable capacitance diode connected in series be-
tween the capacitive antenna and said output termi-
nal;

an additional capacitance connected between said tap
of said tuning transformer and ground; and

a capacitance for reducing the output impedance of
said antenna input circuit, connected between said
output terminal and ground.

4. An antenna input circuit of an electronic tuning
type AM receiver for automobiles, which is connected
to a capacitive antenna represented by an equivalent
circuit composed of an antenna capacitance connected
In series with an antenna electromotive force to an out-
put terminal of the capacitive antenna and a cable ca-
pacitance connected in parallel with same, said antenna
input circuit comprising: -

a tuning transformer and a variable oapaoltanoe dlode

- connected in series to said capacitive antenna; and
an additional oapaeltanoe connected to said tuning
transformer sO that a current may flow in one part
of the wmdmg of said tuning transformer through
said additional capacitance.

5. An antenna input circuit aecordlng fo claim 4,
wherein said tuning transformer comprises a primary
winding with a secondary winding having a larger num-
ber of turns than said primary winding, wherein said
additional capacitance is connected between said pri-
mary winding and the capacitive antenna, and wherein
said variable capacitance diode is connected between
said secondary winding and the capacitive antenna.

6. The antenna input circuit of claim 5, wherein said
Seoondary winding of said tuning transformer further
comprises a tap, said tap being connected as an output
terminal of the antenna input circuit.

7. An antenna input circuit aocordlng to claim 4,
wherein said tuning transformer has a tap to which said

additional oapaoltanoe is connected.
* * * : %
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